GPS signals that have reflected off of the ocean's surface have shown potential for use in oceanographic and atmospheric studies. The research described here investigates the possible deployment of a GPS reflection receiver onboard a remote sensing satellite in low Earth orbit (LEO). The coverage and resolution characteristics of this receiver are calculated and estimated. This mission analysis examines using reflected GPS signals for several remote sensing missions. These include measurement of the total electron content in the ionosphere, sea surface height, and ocean wind speed and direction. Also discussed is the potential test deployment of such a GPS receiver on the space shuttle. Constellations of satellites are proposed to provide adequate spatial and temporal resolution for the aforementioned remote sensing missions. These results provide a starting point for research into the feasibility of augmenting or replacing existing remote sensing satellites with spaceborne GPS reflection-detecting receivers.
INTRODUCTION
The Global Positioning System (GPS) is finding new applications with increasing frequency.
One of the most recent innovations includes using GPS bistatic signal scattering for ocean remote sensing. A high altitude GPS receiver, properly initialized and calibrated, is used to track GPS signals that have reflected off of the ocean's surface. This receiver is used in conjunction with a Left Hand Circularly Polarizing (LHCP) antenna, since the polarity of the GPS signal reverses upon reflection. This research investigates several low Earth orbiting (LEO) satellite missions that would enable this new technology to provide inexpensive global ocean remote sensing. First we will discuss the emerging field of GPS reflection measurement. Then we will discuss some possible uses for this field. These remote sensing missions could be implemented in several ways. Here we propose LEO satellite constellations to provide the necessary spatial and temporal sampling characteristics.
We also investigate mounting a prototype reflection receiver on the space shuttle. Such an experiment would help verify the techniques and models being developed will work from LEO before mounting a dedicated reflection receiver on a scientific satellite. The distribution, azimuth, and elevation angle of the reflected GPS signals as seen by the space shuttle are calculated through simulation and evaluated.
The background material first covers bistatic signal scattering of GPS signals and their subsequent measurement.
Then we discuss some of the literature and necessary.
astrodynamics needed for constellation design. The coverage and resolution characteristics of the potential GPS bounce-measuring instrument are also discussed.
GPS Bounce Concept
The first to propose using reflected GPS signals for Oceanography was Martin-Neira 1. we will conduct a mission analysis to determine the feasibility and characteristics of using such a properly equipped receiver on a LEO remote sensing satellite mission. The ability of a GPS receiver to perform each of these missions, altimetry, scatterometry, and ionospheric measurement, will be examined in terms of spatial and temporal resolution.
Possible

Bounce Missions
There are several applications of knowing the current state of the ionosphere. Two orbital elementsaffectthe costof placing a satellite in orbit, and hence the feasibility of a new remote sensing technology in an era of limited budgets. The altitude of the orbit desired is the main factor affecting how much a launch costs. A certain launch vehicle can place a satellite of a specified mass within a certain orbit. With a larger launch vehicle the spacecraft mass or altitude can be increased, or a mixture of both. The smallest, and therefore least expensive, launchers are intended for spacecraft of less than 1 metric ton and for altitudes of 800 km or less. The altitude needs to be high enough to mitigate the effects of atmospheric drag and allow a large instrument viewing footprint.
The altitude (of a circular orbit) needs to be above 200 km to ensure a mission lifetime of one year. However, in most cases, the lower the altitude the better the resolution of the instrument.
The other orbital element increasing the launch cost is inclination. A satellite's minimum inclination is limited by the latitude of the launchpad. This can be seen from the equation for orbit inclination i, cos(i) = cos(_gc)sin (13), where _gc is the geocentric latitude of the launch site, and 13is the launch azimuth of the rocket (from Vallado9). The more that 13deviates from the direction of Earth's velocity the higher the velocity the launcher needs to impart to get the satellite to its desired orbit. Thus, to achieve higher inclinations than the launch latitude, it is necessary to bum more fuel for the same orbital altitude. The higher the inclination the larger the zone of coverage a satellite can achieve.
A polar orbiting spacecraft can view every latitude of the Earth.
Thus a constellation of satellites can be used to achieve multiple coverage planes.
A constellation plan attempts to optimize by selecting the fewest number of satellites, the lowest inclination, and the lowest altitude. The objective function to be optimized finds the orbital elements needed to achieve the desired coverage subject to the minimizing constraints.
Much work has been done on satellite constellation patterns. 
RESULTS
Viewing Angle Study
The first results presented here are from the viewing angle study involving the space shuttle. Figure 4 shows the location of the specular reflection points seen from the space shuttle on a typical day, using the locations of the GPS constellation on March 30, 1998. A N-degree land mask was used to calculate these results. One can see that the GPS reflection points form multiple instrument groundtracks beneath the shuttle's groundtrack. This dataset is used to examine the azimuth and elevation angles seen by the reflection receiver.
Next we look at a histogram of azimuth angles for both shuttle missions, the low and the high inclination.
For both missions the results in Figure 5 are basically the same.
One can see that the azimuth angles are nearly uniformly distributed about the nadir pointing antenna of the reflection receiver. The azimuth angles were sampled at a period of once every 30 seconds. Thus each sample constitutes a point in the histogram.
The next figure examines the elevation angles of the GPS reflection points, as defined in Figure 3 . A histogram of the elevation angles seen on March 30, 1998, is presented in Figure 6 . One can see that elevations greater than 70 deg are masked out.
This previously mentioned receiver mask is a standard procedure for a spaceborne GPS receiver, These elevation angles were also calculated at 30 second intervals. We see that One notices a bias toward higher elevation angles. One can also see a higher number of reflections over the southern ocean. This makes sense because similar latitudes in the northern ocean are dominated by the Asian and North American landmasses.
Several things can be said to conclude the viewing angle study. The antenna should be mounted pointing down, in the nadir direction, to avoid biasing reflections from one side or the other. This conclusion can be drawn from Figure 5 and the uniformity of azimuth angle distribution. The predominance of low elevation angles leads to the suggestion that the antenna gain pattern be designed such as to maximize the signal gain from lower elevations.
Constellation Design
A constellation was selected to perform the mission of ionospheric mapping in real time. Stationkeeping is minimal because theorbits selected arerepeatgroundtrackorbits (,from Hansonetal.2°). TheKeplerianorbital elements for eachplanearepresented below in Table 1 . The groundtrack is shown in Figure 9 . The repeat time for this orbit is 10.73 hr. The Keplerian orbital elements for the selected scatterometry mission are listed in Table 2 . The elements are the same as the ones described for Table 1 above. This may be the most useful means of deployment for a GPS reflection receiver. In this way it could provide both backup measurements for the scatterometry mission and provide instantaneous ionospheric corrections. Using a reflection GPS receiver could mean that future altimetry missions do not need to be dual frequency, which may allow cost (and weight) savings on the altimeter itself.
In conclusion, evidence has been presented that GPS reflection receivers could perform several remote sensing missions from low Earth orbit. Work was begun on determining the spatial resolution of a reflection receiver.
Coverage studies indicate this instrument is a feasible means of providing seatterometry and ionospheric mapping. It is also recommended that more study be done on carrying a reflection receiver on future altimetry and scatterometry missions.
